We use a vector-autoregression, with parameter estimates corrected for small-sample bias, to decompose US and German unexpected bond returns into three 'news' components: news about future inflation, news about future real interest rates, and news about future excess bond returns (term premia). We then crosscountry correlate these news components to see which component is responsible for the high degree of comovement of US and German bond markets. For the period 1975-2003 we find that inflation news is the main driving force behind this comovement. When news is coming to the US market that future US inflation will increase, there is a tendency that German inflation will also increase. This is regarded bad news for the bond market in both countries whereby bond prices are bid down leading to immediate negative return innovations and changing expectations of future excess bond returns. Thus, comovement in expected future inflation is the main reason for bond market comovement.
Introduction
It is well-established that bond markets in di erent countries tend to move together, i.e. bond yields and returns are positively correlated across countries. A number of earlier studies have used cointegration analysis to document this fact, e.g. Hafer et al. (1997) . Long-term Comments from seminar participants at the Aarhus School of Business, and participants at the International Bond and Debt Market Integration Conference in Dublin, are gratefully acknowledged.
interest rates seem to be cointegrated across countries, indicating that international bond markets are linked together. These cointegration analyses do not, however, examine comovement in the underlying factors determining bond yields. Ilmanen (1995) suggests a number of factors determining international bond returns, and he finds that a small set of global (world) factors accounts for the predictable variation in bond returns and their cross-country correlation. In particular, wealthdependent risk-aversion of bond investors appears to be an important source of the international comovement. Barr and Priestley (2004) also find that bond returns in di erent countries are predictable over time, and based on an international CAPM they find that 70 percent of the variation in expected returns is due to world risk factors while the remaining 30 percent is due to local country-specific risk factors. They interpret this result as indicating that national bond markets are only partially integrated into world markets. Driessen et al. (2003) use a linear factor model and principal components analysis to analyze international bond returns, and they find that the positive correlation of bond returns is driven by the positive correlation between the levels of the term structures across countries. 1 In the present paper we approach the international comovement of bond markets from a di erent angle. We do not search for plausible underlying factors that can explain the comovement, or test specific international asset pricing models. Instead, we make use of the return variance decompositions developed by Campbell and Ammer (1993) and Engsted and Tanggaard (2001) : we decompose excess bond return innovations in each country into three 'news' components: news about future long-term inflation, news about future real interest rates, and news about future excess bond returns (term premia). We then use a vector-autoregressive (VAR) model to compute these news and innovation components. The VAR model contains variables from each country, and we measure international bond market linkages by cross-country correlating the VAR-generated news and innovation components. The appealing feature of our approach is that, apart from a linearization error, the return variance decomposition holds as a dynamic identity, i.e. from the way bond returns are defined unexpected excess bond returns can always be stated in terms of changes in expectations ('news') of future inflation, real interest rates, and term premia. Thus, these three news components jointly comprise all possible underlying economic factors governing the variation in bond returns.
Our analysis is close in spirit to the analysis in Sutton (2000) . He suggests a method for examining whether comovement in long-term bond yields can be explained in terms of comovement in short-term interest rates (in accordance with the Expectations Theory), or is rather a consequence of comovement in term premia across countries. He finds that term premia at the long end of the term structure are both time-varying and positively correlated across countries. Sutton's analysis has some restrictive features that distinguishes it from our analysis. First, Sutton assumes that term premia and interest rates are independent. Second, his approach does not make it possible to identify the separate e ects on bond yield comovement from inflation and real interest rates. Finally, his analysis is based on computation of 'perfect foresight' long-term interest rates, which reduces the e ective sample-size dramatically. Our approach, by contrast, makes no assumptions on the relation between term premia and interest rates, identifies the separate e ects from inflation and real interest rates, and uses a low-order VAR model to compute expected values which implies no large reduction in the e ective sample size.
Recently it has been documented that in VAR models the traditional OLS parameter estimates may be severely biased in small samples, and that this bias may seriously distort statistics generated from the VAR, see e.g. Bekaert et al. (1997) . For this reason we use the analytical bias formula from Pope (1990) to correct the VAR parameter estimates for small-sample bias. In addition, we use standard bootstrap techniques to compute small-sample standard errors and confidence intervals of the VAR generated statistics.
We apply our suggested procedure on monthly data from the US and German bond markets over the period . Our most important empirical results can be summarized as follows. First, there is significant predictable variation in one-month excess bond returns in both countries. Second, there are important spillover e ects from the US market to the German market, but only limited spillover e ects the opposite way, and one-month excess bond returns in the US and Germany show a contemporanous positive correlation of 0.54, indicating that bond markets in the two countries are closely linked together. Third, inflation news is the main driving force behind this comovement. When news is coming to the US market that future US inflation will increase, there is a tendency that German inflation will also increase. This is regarded bad news for the bond market in both countries whereby bond prices are bid down leading to immediate negative return innovations and changing expectations of future excess bond returns. Thus, in contrast to the results reported by Sutton (2000) where comovement in term premia is found to be the main reason for bond market comovement, our results suggest that expected future inflation is the main reason. Finally, our results are mostly robust to changes in the lag-length of the VAR and to changes in the sample periods.
The rest of the paper is organized as follows. In section 2 we present the basic bond return variance decomposion based on a VAR-model, and we briefly describe the procedures for bias-adjustment of the VAR parameter estimates and the bootstrap simulations. Section 3 reports the empirical results, and o ers some thoughts on the possible causes for inflation news comovement. Finally, in section 4 we relate our findings to some other recent findings in the literature.
A VAR-based variance decomposition of bond returns
In section 2.1 we present the basic excess bond return innovation formula that will form the basis for the subsequent empirical work. In section 2.2 we decribe how we construct the return variance decomposition based on a vector-autoregression. Finally, in section 2.3 we explain the procedure used to bias-correct the VAR parameter estimates, and the bootstrap technique used to compute small-sample standard errors and confidence intervals of the VAR generated statistics.
2.1
The excess bond return innovation formula Campbell and Ammer (1993) derive an expression for the unexpected excess return on an -period zero-coupon bond. According to this expression the one-period return on an -period zero-coupon bond in excess of the short-term interest rate can be decomposed into changes in expectations of three variables -1 periods into the future: inflation, real interest rates, and excess bond returns. However, often zero-coupon yields on long bonds do not exist many years back, so one will have to work with yields on coupon bonds. In Engsted and Tanggaard (2001) we use the log-linearized formula for the return on a long-term coupon bond in Shiller and Beltratti (1992) to derive an excess return innovation expression similar to the one in Campbell and Ammer (1993) , but for a coupon bond instead of a zero-coupon bond. The expression looks as follows:
where +1 is the nominal one-period log gross bond return from to +1 in excess of the continuously compounded nominal one-period interest rate, +1 is the inflation rate from to + 1, +1 is the one-period log real interest rate from to + 1, is the conditional expectations operator based on information at time , and is constant slightly less than one.
2 Expression (1) shows that unexpected excess bond returns must be due to 'news' (i.e. changes in expectations) coming to the market about either future inflation, future real interest rates, or future excess returns (or a combination of the three). News that either inflation, real interest rates, or excess returns will be higher (lower) in the future, will lead to an immediate drop (increase) in excess bond returns.
The expression is a dynamic accounting identity with no economic theory imposed; it is derived from the definition of the linearized oneperiod return on a long-term coupon bond, so apart from the linearization error, it holds by construction. Excess bond return innovations can always be decomposed into changes in expectations of future inflation, real rates, and excess returns. Thus, empirical analysis of the volatility of the bond market based on (1) is not conditional on a particular economic model for the bond market. However, it is illustrative and informative to ask what traditional economic theories for bond yields imply for equation (1). For example, the Fisher Hypothesis states that nominal bond yields move one-for-one with expected inflation so that ex ante real rates are constant. This implies that the 'news about future real rates' component in (1), ( +1 ) P =1 +1+ , will be zero. Similarly, the Expectations Theory of the term structure says that the long-term bond yield is given as expected future short rates plus a timeinvarying term premium. This implies that expected excess bond returns are constant so that the 'news about future excess returns' component,
, is zero. Thus, if both the Expectations Theory and the Fisher Hypothesis hold, inflation news is the only source of variation in excess bond return innovations. However, these economic theories will not hold exactly (and according to many empirical studies not even approximately), so in general variation in bond returns will be caused by all three news components in (1).
Equation (1) holds for each country, so we will use a VAR model, to be described in more detail in the next sub-section, containing variables from the US and German bond markets to estimate the components in (1) for each country, and we will then cross-country correlate the components to see whether the high positive correlation of US and German bond returns is caused mainly by high positive correlation of inflation news, real interest rate news, or term premia news.
In order to simplify the notation, we write (1) as
where denotes either US (us) or Germany (ge), and
and e +1 ( +1 ) P =1 +1+ .
The VAR-based return variance decomposition
In order to compute each of the components in (2) based on available data samples, we need an econometric time-series model that can be used to estimate the conditional expectations of returns, inflation, and interest rates. The standard choice is a linear VAR containing excess bond returns and real interest rates, and possibly other variables with predictive power for returns and real rates. The VAR needs to include and in order to be able to compute e +1 , e +1 , e +1 and e +1 . Similarly, and are needed in the VAR in order to compute e +1 and e +1 . Note that only three of the four components in (2) are computed directly from the VAR; the last component is computed as a residual to make sure that (2) holds exactly. Thus, e +1 , e +1 , and e +1 are computed directly, and the remaining component e +1 is computed as e +1 = e +1 e +1 e +1 .
3 Our benchmark VAR model contains the following variables, collected in the vector :
is the 'spread' between the long-term bond yield and the short-term interest rate in country . 4 We include this variable because many previous studies have found that the long-short spread has significant predictive 3 In Campbell and Ammer (1993) the VAR model does not include excess bond returns directly. Instead, the first-di erence of the nominal short-term interest rate and the spread between the long-term and short-term interest rates are included, and the excess return innovation is then computed from these two variables. Campbell and Ammer include as a state variable in the VAR, which makes it possible to compute the real interest rate news component directly. In addition, by combining the real interest rate with the first-di erence of the nominal interest rate, the inflation news component can be computed. Finally, the excess return news component is computed as a residual from the other components using the dynamic identity. In Engsted and Tanggaard (2001) we show that Campbell and Ammer's procedure only works for zero-coupon bonds. For coupon bonds it will be necessary to include excess bond returns directly in the VAR, and then compute the inflation news component as a residual. 4 Specifically, is defined as = (1 ) 1 , where is the log of the nominal long-term bond yield in country and is the continuously compunded nominal short-term interest rate in country (see Shiller and Beltratti, 1992) . ability for bond returns. The first-order VAR model for is written as (higher-order models are easily handled using the companion form)
where is the VAR parameter matrix and is the vector of error terms.
5 From (3) the VAR estimate of +1 +1 is +1 . Similarly, the VAR estimate of ( +1 ) +1+ is +1 . Thus, by defining row selection vectors 1 , 1 , 2 , and 2 that pick out, respectively, the first, second, third, and fourth element of , VAR estimates of each of the components in (2) are given as
where the VAR residuals and parameter estimates are inserted in +1 and , respectively. Note that the inflation news component, e +1 , is computed as a residual from the dynamic identity. This implies that we do not have to include inflation directly as a state variable in the VAR, which is quite appealing because monthly inflation in both the US and Germany shows strong seasonal variation.
6
From (2) it follows that (e ) = (e ) + (e ) + (e ) + 2 (e e ) + 2 (e e ) + 2 (e e )
We calculate the relative magnitude of each of the news components by computing the variances and covariances in (8) and then normalize by (e ). The covariances, however, make these measures di cult to interpret. Thus, we also measure the relative magnitudes by orthogonalizing (using a Cholesky decomposition) the components and then compute the 2 values in regressions of e +1 onto each of the orthogonalized components. The sum of the 2 values then add up to one, so each individual 2 number can be interpreted as the fraction of the return innovation variance explained by that particular news component.
Small-sample bias-correction and the bootstrap technique
OLS estimates of VAR parameters are biased in small samples and hence the news and innovation components (4) to (7) are also biased. One way to correct for this bias is to use Monte Carlo procedures, as in e.g. Bekaert et al. (1997) and Engsted and Tanggaard (2001) , by either assuming normally distributed VAR errors or by using bootstrap techniques to resample the original VAR residuals, i.e. use the empirical small-sample distribution of the errors. An alternative is to use the analytical bias formula derived by Pope (1990) . Based on a higher-order Taylor series expansion, Pope derives the following formula for the bias, , in VAR models like (3):
where is
and ( ) = 0 + , are the eigenvalues of , is the conditional variance of , and is the sample size.
As seen, the approximation error in the bias formula vanishes at the rate 3 2 which is at least as fast as in standard Monte Carlo or bootstrap bias-adjustment. In our empirical analysis we will use Pope´s bias-adjustment procedure.
We use bootstrap simulation to compute small-sample standard errors and equal-tailed confidence intervals of the VAR generated statistics, i.e. variance and covariance ratios, correlation coe cients and 2 values from the regressions with the orthogonalized components.
7 Basically, Bose's (1988) and Kilian's (1998) resampling technique is used with the special feature that residuals are resampled from the bias-adjusted VAR system.
Empirical results
The data to be used in the empirical analysis are from the International Monetary Fund, International Financial Statistics. Monthly US and German data for long-term government bond yields were collected for the period July 1975 to February 2003. From these yields log one-month holding period returns, +1 , were computed using the formula +1 = +1 + , where is the log of the nominal yield to maturity on the long bond ( ), = exp( ) is the mean nominal yield over the sample, and is a linearization constant (see Shiller and Beltratti (1992) and Engsted and Tanggaard (2001) ).
8 Excess log bond returns, +1 , were then computed by subtracting from +1 the continuously compounded short term interest rate, taken to be the 1-month interest rate on government Treasury bills. Real interest rates were computed by subtracting the monthly inflation rate from the short term nominal interest rate. Finally, the yield spread, , was obtained as described in footnote 4.
The correlation between US and German monthly excess bond returns, and , over the period 1975 to 2003, is +0.54 which indicates a quite high degree of comovement of US and German bond markets. In order to investigate in more detail the nature of this comovement we estimate a comprehensive VAR model containing excess bond returns, real interest rates, and yield spreads for each country, cf. section 2.2. Table 1 reports the results from a one-lag VAR model. First, we see that excess bond returns are highly positively autocorrelated in both countries: the coe cient to in the +1 equations is positive and strongly significant. Second, lagged domestic real interest rates significantly predict excess bond returns in both countries. Third, none of the lagged German variables significantly predict US excess bond returns, whereas lagged US excess returns strongly predict German excess bond returns. Similarly, US variables serve as good predictors for German real interest rates and yield spreads, while German variables generally have no predictive power for US real rates or yield spreads, except for in the +1 equation. These results indicate significant predictable time-variation in US and German bond returns, and that there are important spillover e ects from the US market to the German market, but not vice versa.
Based on the VAR parameter estimates in Table 1 , we next compute the innovation and news components as in equations (4) to (7). Table 2 reports the variance decomposition of these components. As seen, in both countries the news about future inflation component, e , is clearly the dominating factor behind movements in excess bond return 8 The values of are: = 0 9932; = 0 9944.
innovations. Var(e ) is much higher than Var(e ) and Var(e ), and the dominant covariance term also involves e . By looking at the orthogonalized components we see that inflation news accounts for 85 percent of the variation in unexpected excess bond returns in the US and 69 percent in Germany (both statistically significant), while news about future real interest rates is completely unimportant, both statistically and economically. News about future excess returns (term premia) is also statistically insignificant, but accounts for an economically important part of the variation (14 percent in the US and 29 percent in Germany), although still much less than the inflation news component. These results are in fact quite similar to the results documented by Campbell and Ammer (1993) for the US. They also find that inflation news is the most important factor driving US bond returns. Since US and German bond returns are highly positively correlated, and since news about future long-term inflation seems to be the most important force behind movements in bond returns in both the US and Germany, we expect that e and e are also highly positively correlated. This is confirmed in Table 3 , which reports pairwise correlations of all computed innovation and news components. e and e have a positive correlation of 0.74. Excess return news, and to a lesser extent real interest rate news, are also highly cross-country correlated, but since these components are much less important in explaining bond return variability in the two countrries, the overall conclusion must be that the main reason for the high degree of comovement of US and German bond markets is a high degree of comovement of inflation news. Another noteworthy result to be seen in Table 3 is that in both countries the inflation news component is highly negatively correlated with both the return innovation component, e , and with the return news component, e . This means that news that inflation is going to increase in the future is bad news for the bond markets in both the short and long term.
The results reported in Tables 1 to 3 are based on a VAR model with one lag. Diagnostic tests (not reported) do not show signs of misspecification, i.g. there are no strong indications of autocorrelation in the VAR residuals. However, in order to investigate the robustness of the results, we also estimate a two-lag VAR model, and we split the sample period 1975-2003 into two sub-samples (1975-1989 and 1989-2003) and carry out the whole analysis with these shorter data samples. Table 4 summarizes the main results.
First, we see that increasing the lag-length to two does not in any substantive way change the results. Thus the results are robust to the lag-length of the VAR. Second, the finding that inflation news is the most important part of bond return volatility remains true when the sample is split into sub-periods, although the relative magnitude of e is smaller in the sub-periods compared to the whole sample period. However, there seems to be an interesting change in the relative importance of e and e from the early period to the more recent period: in the 1975-1989 period real interest rate news is completely unimportant in both countries, whereas excess return news is non-negligible, especially in Germany. But in the 1989-2003 period the relative importance of these two news components change; now real interest rate news becomes non-negligible while the excess return news component becomes quite small. Third, both e and e remain highly positively cross-country correlated in the sub-periods and, in fact, the correlations increase over time. By contrast, the correlation between e and e changes from positive to negative when we go from the early period to the later period. However, since US and German bond returns are still highly positively correlated in the 1989-2003 period, and since excess return news is quite unimportant in this sub-period, the implication of the above findings must be that comovement in real interest news cannot be responsible for the positive bond return correlation over the period 1989-2003; instead comovement in inflation news must be the explanation, just as we concluded for the whole period 1975-2003.
The main conclusion from our analysis is that inflation news is the main driving force behind movements in both the US and German bond market, and that this inflation news component shows a high degree of cross-country correlation which generates a high degree of comovement of the two markets. When news is coming to the US market that future US inflation will increase, there is a tendency that German inflation will also increase. This is regarded bad news for the bond market in both countries whereby bond prices are bid down leading to immediate negative return innovations and changing expectations of future excess bond returns.
The results reported above indicate that inflation has a strong role to play in explaining bond return movements within countries and across countries. Term premia (excess returns) also have some role to play (especially if we focus on the period before 1990), but not nearly to the same extent as inflation. Thus, our results to some extent conflict with those reported by Sutton (2000) . He measures the extent to which bond market comovement can be explained in terms of comovement of short term nominal interest rates and term premia, respectively, but he does not attempt to isolate the e ects from inflation and real interest rates. He finds that term premia comovement is the most important factor behind the comovement of international long-term interest rates. Our results, by contrast, imply only a minor role for term premia comovement and instead refer most of the comovement to comovement in inflation news.
We leave to future research the question of what then generate comovement in inflation news across countries. But naturally the increasing globalization and international trade, and the gradual elimination of barriers to trade between the US and Europe during the last 30 years, have contributed to a common development in inflation rates across countries. Hence, inflation in di erent countries to a large extent respond to a set of global factors in addition to country-specific factors, and this implies that investors in bond markets in di erent countries revise their inflation expectations in response to the same kind of news. The identification of those global factors that generate common movement in inflation rates across countries marks an interesting topic for future research.
Concluding remarks
In this paper we have analyzed the comovement of US and German bond returns over the period 1975-2003 using VAR based return variance decompositions similar to the ones in Campbell and Ammer (1993) and Engsted and Tanggaard (2001) .
While the results reported in this paper contrast with some of the results reported in the earlier literature (e.g. Sutton, 2000) , our findings complement the findings in other recent studies. Our finding of predictable variation in US and German bond returns and that common movement in inflation news is the main factor behind the comovement of the bond markets in the two countries, complement Barr and Priestley's (2004) finding that most of the variation in international bond returns is due to world (global) risk factors rather than to country-specific factors. Furthermore, our analysis suggests a natural explanation for Dreissen et al.'s (2003) finding that positive correlation between the levels of the term structures across countries accounts for the positive correlation of international bond returns: the level of the term structure is most naturally determined by the rate of inflation, so cross-country correlation of inflation news will cause cross-country correlation of term structure levels.
Of course, further analysis will be needed in order to explain the precise reasons for common movements in inflation news over time, and that the correlation seems to have increased recently (c.f. [-6.319, 3.168] 2Cov(e e ) 0.043 (0.099) [-0.184, 0.221] The numbers in bold are correlation coe cients based on the biasadjusted parameter estimates. The numbers in parentheses and brackets are bootstrap standard errors and 95% equal-tailed confidence intervals, respectively, based on 10,000 simulation runs. 
